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(54) Positive electrode material for alkaline storage battery and method of producing the same 



(57) The present invention provides a positive elec- 
trode material for alkaline storage batteries which has 
high energy density and causes little capacity reduction 
even when a charge/discharge cycle is repeated at high 
temperatures. The positive electrode material for alka- 
line storage k)atteries of the present invention comprises 
nickel hydroxide particles and a layers of coksalt oxide 
coating the nickel hydroxide particles. A valence of 
cobalt of the cobaXl oxide is larger than 3.0, and the 
cobalt oxide contains sodium ions or potassium ions 
inside the aystal and further fixes lithium hydroxide or 
lithium ions. 
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[description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a positive electrode material for alkaline storage batteries, more particularly 
to an active material for a non-sintered type positive electrode for alkaline storage batteries, and a method of producing 
the same. 

[0002] With the recent popularization of portable equipments, realization of high capacity has been required strongly 
to an alkaline storage battery. Particularly, a nickel-metal hydrkie storage battery, which is a secondary battery comprls- 
10 ing a positive electrode mainly using nickel hydroxide as an active material and a negative electrode using a hydrogen 
storage alloy as a main material, has rapkily been popularized as a secondary battery having high capacity and high 
reliability. 

[0003] The positive electrode for alkaline storage batteries will be described hereinafter. 

[0004] The positive electrode for alkaline storage batteries is roughly classified into two types, e.g. sintered type and 
IS non-sintered type. The former is produced by impregnating a porous nickel sintered plaque having a porosity of atx^ut 
80%. obtained by sintering a core material such as a perforated metal and a nickel powder, with an aqueous solution of 
a nickel salt such as nickel nitrate, followed by impregnating with an alkaline solution, thereby to form nickel hydroxide 
in the porous nickel sintered plaque. Regarding this positive electrode, it is difficult to make the porosity of the plaque 
larger than that of a conventional positive electrode and, therefore, an amount of the active material to be filled can not 
20 be inaeased. which results in limit of high capacity. 

[0005] The latter non-sintered type positive electrode is produced, for example, by filling a three-dimensionally con- 
tinuous porous foamed nickel substrate having a porosity of not less than 95% with nickel hydroxide particles as dis- 
ck>sed in Japanese Laid-Open Patent Sho 50-36935, and is widely used as a positive electrode fbr high-capacity 
alkaline storage battery. 

2S [0006] As an active material for the non-sintered type positive electrode, sphertoal nickel hydroxMe particles having 
high bulk density and filled in a foamed 8uk>stra[te are used in view of realization of high capacity. As the nickel hydroxide 
particles, metallic ions of cobalt cadmium, zinc, or the like are generally incorporated in part with the nickel hydroxide 
particles in view of the improvement of discharge characteristic, charge acceptance and cycle life. Regarding the 
porous foamed suk>strate used in the non-sintered type positive electrode, the pore size is from about 200 to 500 ^m 

30 and these pores are filled with spherical nickel hydroxide particles having a particle diameter of several ^m to several 
tens ^m. The charge/discharge reaction of the nickel hydroxide particles, which are present in the vicinity of a skeleton 
of the substrate where current collection is satisfactorily performed, proceeds smoothly, but the reaction of the nickel 
hydroxide particles which are present apart from the skeleton does not proceed suffidently. 

[0007] Accordingly, in the non-sintered positive electrode, means for electrically connecting nickel hydroxide particles 
35 by using a conductive agent are employed so as to improve the utilization of the filled nickel hydroxide particles. As the 
conductive agent, a single metal such as cobalt, nickel, etc. is used sometimes, txjt a divalent cobalt oxide such as 
cobalt hydroxide, cobalt monoxide, etc. is used in many cases. These divalent cobalt oxides have no conductivity, intrin- 
sically It is considered, however, these divalent cobalt oxides are electrochemically oxidized by initial charging in the 
t)attery to be converted into p-cobalt oxyhydroxide having the electrk; conductivity, which effectively serves as a con- 
40 ductive network. By the presence of this conductive network, it becomes possible to greatly enhance the utilization of 
nickel hydroxide particles filled in high density In the non-sintered type positive electrode, thereby to realize high capac- 
ity compared with the sintered type positive electrode. 

[0008] However, even in the non-sintered positive electrode having the above described construction, the conductive 
performance of the network is not perfect arxi there is a limit in utilization of the nickel hydroxide particles. Furthermore, 
4s the atx>ve positive electrode has a drawk^ack tiiat, when a battery is overdischarged or allowed to stand in the state of 
short circuit, or stored fbr a long period of time or stored at high temperatures, the positive electrode capacity is 
reduced. 

[0009] This is because divalent cobalt oxkf e cannot be completely converted irtto p-cobalt oxyhydroxide by the above 
described electrochemical oxidation reaction. 

so [001 0] Recentiy. as means for improving the imperfection of the above positive electrode conductive network, Japa- 
nese Laid-Open Patent Hei 8-148145 (or U. S. Patent No.5,629.111) discloses a technique of heating (oxidizing) a 
cobalt hydroxide in a positive electrode material in the presence of an aqueous alkaline solution and oxygen (air) out- 
side tiie battery, thereby to convert into a cobalt oxKle having a distorted crystal structure and a cobalt valence higher 
than 2. The patent publication discloses oxidation to a cobalt oxide having a valence of about 2.9 and characteristics of 

ss a battery using the same. 

[001 1 ] The above publication further discloses that nickel hydroxide particles having a coating layer of a cobalt hydrox- 
ide (hereinafter referred to as Co(OH)2-coated nickel hydroxMe particles) are subjected to the above heating treatment. 
The Co(OH)2-coated nickel hydroxide particles are prepared by using a method of stirring nickel hydroxkje particles in 
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an aqueous solution of a divalent cobaK salt and adjusting tine pH while adding dropwise an aqueous alkaline solution, 
thereby to deposit a cobalt hydroxide on the surface of the particles (liquid phase method), or a method of adding a 
cobalt hydroxide powder to nickel hydroxide particles and coating the surface of the nickel hydroxide particles with the 
cobalt ^roxide utilizing an action of a shear force or an impact force due to mechanical mixing (mechanical mixing 
5 method), and have been known for a long time as means for enhancing the dispersibility of cobalt in the positive elec- 
trode. 

[001 2] When the Co(OH)2-coated nickel hydroxide particles are subjected to the above heat-treatment, there can be 
obtained a positive electrode material capable of providing a oonsiderably good conductive network by the combination 
of high dispersibility of the cobalt and bonding of the interfece between the nickel hydroxide nnother particles and the 

70 coating layer as the oxidation of cobalt proceeds even if the amount of cobalt used is small. 

[0013] As the method for production of the above positive electrode material. Japanese Laid-Open Patent Hei 9- 
73900 discloses a method of flowing Co(OH)2-coated nickel hydroxide particles containing an aqueous alkaline solution 
in a batch f luidized drier, or heating the particles with dispersing. According to this method, there is an advantage ttiat 
agglomeration of particles due to the treatment can be prevented. 

IS [0014] However, the oxidation condition of the cobalt hydroxide constituting the coating layer on the surface of the 
active material particles is not satisfactory in the positive electrode material for alkaline storage t>atteries disclosed in 
the atx>ve publication and there still exists some room for improvement. This is because proceeding of the oxidation of 
the cobalt hydroxide in the presence of alkali greatiy depends not only on the ambient temperature and the concentra- 
tion of an aqueous alkaline solution which is present around the cobalt hydroxide, txjt also on humidity and oxygen con- 

so centration of tiie environment, so tiiat it is impossible to prevent unreacted cobalt hydroxide from remaining and a side 
reaction from occurring. 

[001 5] Considering this point the inventors of the present invention have conducted detailed experiments and anal- 
yses and suggested that the utilization of a positive electrode material should be improved by oxidizing the cobalt oxide 
constituting the coating layer to r-cobalt oxyhydroxide with cotMilt valence of larger than 3.0. The y-cobalt oxytiydroxide 

ss contains a large amount of alkali cation (K*^ or Na*^) in the crystal. 

[0016] However, it has tumed out that altiiough when the cobalt oxide constituting tiie coating layer has a cobalt 
valence larger than 3.0. the characteristics of the positive electrode material are greatly improved: tiiere is a drawback 
that the capacity is more deteriorated than those of conventional positive electrodes as tiie charge/discharge cycle is 
repeated at high temperatures. 

30 [0017] That is. when a battery is discharged until the battery voltage reaches around 0.8V at high temperatures, 
namely 40 "C. part of the cobalt oxide constituting the coating layer of the active material particles causes discharge 
reaction (reduction) at the end of tiie discharging. The reason for this is tiiat the positive electrode is likely to discharge 
at high temperatures since the internal resistance of the battery decreases and that the cobalt oxide has extremely high 
electric conductivity due to a large valence of cobalt. In addition, alkali cation (K*** or Na*^ contained in the cotsalt oxide 

35 eliminates although the amount is very small. 

[0018] When the battery is charged, a charge reaction (oxidation) of the atxive-mentioned discharged cobalt oxide 
may occur at the beginning of the charging. However, the capacity to charge the cobalt oxide becomes slightly smaller 
than the discharged capacity due to tiie elimination of alkali cation during the discharging and other reasons. That is, 
when a charge/discharge reaction is conduced at high terrperatures, ttie cobalt valence of tiie cobaK oxide constituting 

40 the coating layer slightiy deaeases. Then, the charge/discharge cycle is repeated at high temperatures, the above- 
mentioned phenomena are accumulated, and as a result, the cobalt oxide of the coating layer approaches a thermody- 
namically stable structure such as CoO(OH) or C03O4 (both are oxides with poor electric conductivity) while decreasing 
the cobalt valence. Consequently, the peribrmarwe of the conductive network of the positive electrode becomes insuf- 
ficient, which decreases the capacity. 

45 

BRIEF SUMMARY OF THE INVENTION 

[001 9] An object of the present invention is to solve the above prok^ems and to provide a positive electrode material 
for alkaline storage batteries that maintains excellent characteristics of the cobalt oxide constituting a coating layer and 
so having a large cot^alt valence and that causes littie capacity reduction even when the charge/discharge cycle is 
repeated at high temperatures. 

[0020] The present invention provides a positive electrode material for alkaline storage k»atteries comprising nickel 
hydroxide particles and a cobalt oxide layer which coats the nickel hydroxide particle, the cobalt oxide having a cobalt 
valence larger than 3.0 and containing sodium ions or potassium ions inside the crystal and fixing lithium hydroxide or 
55 Irttiium ions. 

[0021] The nickel hydroxide particles used in this case are preferably a solid solution incorporated with metallic ions 
of cobalt, cadmium, zinc, or the like therein, in view of the improvement of discharge characteristic, charge acceptance 
and cycle life. 
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[0022] The cobalt oxide fixes the lithium hydroxide or lithium ions by chemical adsorption. 
[0023] Alternatively, the cobalt oxide incorporates therein the lithium ions to form a solid solution to fix them. 
[0024] The present invention also provides a method of producing a positive electrode material for alkaline storage 
batteries comprising a first step of heating nickel hydroxide particles having a coating layer of cobalt hydroxide in the 
5 presence of an aqueous solution of either potassium hydroxide or sodium hydroxide whose concentration is larger than 
40% by weight, thereby to convert the cobalt hydroxide Into r^balt oxyhydraxide through air oxidation and a second 
step of immersing the particles in an aqueous lithium hydroxide solution. 

[0025] In a prefenred mode of the present invention, the concentration of the aqueous lithium hydroxide solution is 
0.5mol/kg or more. 

10 [0026] In another preferred mode of the present invention, the temperature of the aqueous lithium hydroxide solution 
is from 60 to 95 **C. 

[0027] While the novel features of the invention are set forth particularly in the appended claims, the invention, both 
as to organization and content, will be better understood and appreciated, along with other objects and features thereof, 
from the following detailed description taken in conjunction with the drawings. 

IS 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
[0028] 

20 FIQ. 1 is a graph showing discharge curves of the batteries which use active material A of the Example of the 
present invention and active material G of the Comparative Example, respectively, when charge/discharge is 
repeated for 300 cycles at high temperatures. 

FIG. 2 is a graph showing changes in battery capacity along with the charge/discharge cycle at high temperatures 
of the batteries which use active materials A and B of the Example of the present invention and active materials C 
25 and D of the Comparative Example, respectively. 

FIG. 3 is a graph showing current-voltage curves obtained by cyclic volutammetry of active material A of the Exam- 
ple of the present invention. 

FIG. 4 is a graph showing current-voltage curves obtained by cyclic volutammetry of active material C of the Com- 
parative Example. 

30 

DETAILED DESCRIPTION OF THE INVENTION 

[0029] The positive electrode niaterial of the present invention comprises nickel hydroxide particle and a cobalt oxide 
layer which coats the nickel hydroxide particle, the cobalt oxide having a cobalt valence larger than 3.0 and containing 

35 potassium ions or sodium ions inside the crystal and fixing lithium hydroxide or lithium ions. 

[0030] The positive electrode material is produced by a first step of heating nickel hydroxide particle having a coating 
layer of cobalt hydroxide in the presence of an aqueous solution of either potassium hydroxide or sodium hydroxide 
whose concerrtratton is larger than 40% by weight, thereby to convert the cobalt hydroxide into y-cobatt oxyhydraxide 
through air oxidation and a second step of immersing the particles subjected to the first step in an aqueous lithium 

40 hydroxide solution. 

[0031 ] When the concentration of the aqueous lithium hydroxide solution used in the second step is 0.5mol/kg or more 
and the temperature of the solution is within a range of from 60 to 95 "^C. lithium hydroxide or lithium ions can be fixed 
in a staJale manner to the cobah oxide constituting a coating layer. 

[0032] It is considered that the lithium ions are fixed to the cobalt oxide by being incorporated therein to form a solid 
45 solution and the lithium hydroxide are fixed by chemical adsorption onto the crystallite surface of the cobalt oxide. The 
lithium hydroxide or lithium ions fixed to the cobalt oxide of the coating layer have an effect of preventing alkali cation 
(K* or Na*) from departing from the cobalt oxide or the cobalt oxide from changing its structure when the charge/dis- 
charge of a battery is repeated at high temperatures. Consequentiy. it becomes possible to provide an alkaline storage 
battery which has high energy density and whose capacity hardly reduces even after a charge/discharge cycle is 
so repeated under a high temperature condition. 

[0033] TTie amount of littiium ion to be fixed to the coating layer is preferably in a range of 0.10 to 0.50 in an atomic 
ratio to cobalt. If fixed less than this range, lithium ion fails to produce an improving effect on the charge-discharge cycle 
characteristics at high temperatures. If fixed more than this range, it may change the crystal structure of the cobalt 
oxide, which results in reduced electronic conductivity, making it inrpossible to have a satisfactory utilization of the active 
55 material. It is preferable for tiie lithium hydroxide to be fixed to the coating layer in a similar range to the lithium ion on 
lithium basis. 

[0034] The potassium ion (K^ or sodium ion (Na^) to be contained in the cobalt oxide of the coating layer is preferably 
in a range of 0.20 to 0.33 in an atomic ratio to cobalt. It is preferable for tiie nickel hydroxide particle to have a mean 
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diameter of 5 to 20 ^m. It is also preferred that the coating layer is 0.2 in thickness and coats substantially the entire 
surface of each nickel hydroxide particle. 

[0035] The Example of the present invention will be detailed as follows. 

5 (1 ) Preparation of active material particles 

[0036] Nickel hydroxide particles as mother particles of an active material were synthesized by using the following 
known technique. That is, an aqueous solution containing nickel sulfate as a main component and cobalt sulfate and 
zinc sulfete in a predetermined amount was prepared. To this aqueous solution, sodium hydroxide was slowly added 
10 dropwise with adjusting the pH of the solutton with an aqueous ammonia, thereby to deposit spherical nickel hydroxide 
particles with cobalt and zinc incorporated therein. The nickel hydroxide particles thus obtained were washed with water 
and then dried to obtain mother particles. 

[0037] The above nickel hydroxide particles were charged in an aqueous cobalt sulfate solution and an aqueous 
sodium hydroxide solution was slowly added dropwise. followed by continuous stinring with adjusting so that the pH of 
IS the aqueous solution at 35 ''C is maintained at 12, thereby to deposit cobalt hydroxide on the surface of the nickel 
hydroxide particles. As a result. Co(OH)2-coated nickel hydroxide particles were obtained. 

[0038] A weight of the cobalt hydroxide coating layer was adjusted so that a weight ratio of the coating layer to the 
total weight of the Co(OH)2-coated nickel hydroxide particles becomes 5.0% by weight The obtained Co(OH)2-coated 
nickel hydroxide particles were washed with water and then vacuum-dried It was confirmed by the measurement using 

20 a laser diffraction type particle size distribution meter tiiat the Co(OH)2-coated nickel hydroxide particles thus obtained 
have an average particle diameter of about 10 ^m. It was also confirmed by the observation using a scanning electron 
mteroscope (SEM) and a transmisston electron microscope (TEM) tiiat the cobalt hydroxKle of tiie coating l^er has a 
thickness of about 0. 1 ^m and the whole surfece of tiie particles is coated with the coating layer. The BET specific sur- 
face area of the particles was about 7nn^/g. 

25 [0039] The conversion treatment of Co(OH)2-coated nickel hydroxkle particles was conducted as follows. The 
Co(OH)2-coated nickel hydroxide particles were impregnated with an appropriate amount of a 45% by weight aqueous 
sodium hydroxide solution and charged in a drier equipped witti microwave heating means, thereby to completely dry 
the particles by supplying oxygen. As a result of tiiis operation, the cobalt hydroxide coating layer on the particle surface 
was oxidized and the particles were turned indigo. This is the completion of the first step. 

30 [0040] After the first step, an aqueous lithium hydroxide solution whose concentration was 1 .0 mol/kg was charged in 
the drier at 80 ""C. thereby to form a slurry, which was stirred for 30 minutes. This is the completion of the second step. 
The slurry was taken out of the drier and washed well with water and dried, thereby to obtain active material particles 
A. In addition, active material particles B were produced in the same manner as atx>ve except that an aqueous sodium 
hydroxide solution was used in place of an aqueous potassium hydroxide solution in the first step. 

35 [0041 ] Particles which obtained by using an aqueous potassium hydroxide solution in the first step and not being sub- 
jected to the second step were washed well with water and dried, thereby to obtain active material particles C. Particles 
which obtained by using an aqueous sodium hydroxide solution in the first step and not being subjected to the second 
step were washed well with water and dried, thereby to obtain active material particles D. 
[0042] These active material particles A to D all had an indigo color with iittie difference. 

40 

(2) Preparation and evaluation of battery 

[0043] In order to compare the characteristics of the above obtained positive electrode material samples A to D. bat- 
teries were prepared in the following procedure and evaluated. First, pure water was added to each of the samples A 

45 to D so as to make active material paste. A porous foamed nickel substrate having a porosity of 95% and a thickness 
of 1 .1 mm was filled witii a predetermined amount of this active material paste. Then, the substrate was dried in a drier 
at 80 °C, and pressed by rolls to a thickness of about 0.7mm. The resultant was cut into pieces having a predetemnined 
size, thereby to obtain a nickel positive electrode con'esponding to the active materials A to D. 
[0044] These four kinds of nickel positive electrodes were each combined with a negative electrode of a hydrogen 

so storage alloy, a separator of a hydrophilized polypropylene non-woven fabric, and an alkaline electrolyte mainly com- 
posed of potassium hydroxide of 7 to 8N, thereby to produce a nickel-metal hydrkie storage battery of a 4/3 AAA (L- 
AAA) size with a nominal capacity of 750 mAh by a well-known method. The respective batteries were tested by the 
method described in the following items (1) and (2), and the utilization of the respective positive electrodes and high- 
temperature cycle life were evaluated. 

55 

(l)Utilization 

[0045] At 20 each of the above batteries was charged at a charge rate of 0.1 CmA for 15 hours and then dis- 
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charged at a discharge rate of 0.2 CmA until a voKage of the battery Is reduced to 1 .0 V. and the battery capacity .was 
measured. The capacity of the battery thus measured was divided by a theoretical capadty of the positive electrode 
(value obtained by multiplying the weight of the nickel hydroxide filled in the positive electrode by the electric capacity 
289 mAh/g obtained when nickel hydroxide performs one electron reaction), thereby to calculate the utilization of each 
5 positive electrode material. 



TABLE 1 



10 



Active material 


A 


B 


C 


D 


Utilization(%) 


105.9 


105.7 


105.8 


105.9 



[0046] Table 1 shows that these four kinds of positive electrode materials have no difference in utilization, exhibiting 
an extremely high value exceeding 100%. The process in the first step provides cofcsaH hydroxide constituting the coat> 

IS ing layer of active material particles severe oxidation, and the cobalt valence becomes larger than 3.0. In this case, tiie 
cobalt oxide contains an alkali metal (K^, Na^) and water in the crystal. The color of indigo of the active material parti- 
cles indicates the electronic condition of the cobalt oxide. The cobalt oxide having a valence larger than 3.0 has an 
extremely high electronic conductivity. Furthermore, the use of Co(OH)2-coated nickel hydroxide particles as the origi- 
nal material to produce a positive electrode material further improves tiie cunent collection of the conductive network 

20 by the cobalt of the produced positive electrode. For these reasons, the positive electrode materials A to D have 
extremely high utilizatk>n. 

(2) High-temperature cycle life 

2S [0047] After tiie evaluation of (1) was completed, a cycle of charging each battery at a charge rate of 1 CmA at 40 ''C 
by - AV control system (charging is stopped when the charging voltage reaches a peak voltage and then drops by 5mV 
from the peak voltage), and tiien discharging at a discharge rate of ICmA until a voltage of the battery is reduced to 0.8 
V was repeated 500 cycles and a capacity was measured. 

[0048] FIG. 1 is a graph showing discharge curves of the batteries which use active material particles A and C. 

30 respectively, when a charge/discharge is repeated for 300 cycles. As apparent from FIG. 1 . the battery which used the 
active material C subjected to the first step but not to the second step had an incomplete discharge at the end, and as 
a result, tiie capacity was reduced. In contrast the battery which used the positive electrode material A subjected to the 
second step showed littie reduction in capacity. The similar tendency was ot>served in tiie batteries which used active 
material particles B and D. respectively. 

35 [0049] As shown in FIG. 2 where battery capacities change along with the charge/discharge cycles, the t>atteries 
which used active materials A and B maintained not less than 80% of the initial capacity even after a charge/discharge 
was repeated for 500 cycles. In FIG. 2. the battery capacity at the first cycle corresponds to 100. 

(3) Analysis of active material particles 

40 

[0050] In order to clarify the cause of the above difference in cycle life characteristics under a high temperature con- 
dition, active material partk^les A to D were analyzed. First of all, a predetermined amount of the active material parti- 
cles A to D was completely dissolved in an add so as to conduct an ICP emission spectral analysis, thereby to measure 
an amount of an alkali cation (K'^, Na^. and Li^) contained in the cobalt compound constituting the coating layer. As a 
45 result, the active material particles C and D subjected only to the first step contained about 20 of K*^ or Na*^ when the 
molar amount of the cobalt atom of the coating layer was 100. Altiiough tiie amounts of K*^ or Na"^ contained in the 
active material partides A and B subjected to the second step were not so different from those of the active materials 
C and D. it was confirmed tiiat about 30 of existed when the molar amount of the cobalt atom of the coating layer is 
100. These analysis results are shown in Table 2. 

so 



TABLE 2 
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Active material 


A 


B 


C 


D 


Content rate of k** 


21.8 




22.9 




Content rate of Na*^ 




22.7 




23.0 
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TABLE 2 (continued) 



Active nnatertal 


A 


B 


C 


D 


Content rate of Li^ 


33.1 


30.5 






* These values are obtained when the molar weight of the 


cobalt of the coating layer is 1 00. 







[0051] As the result of the oxidation in the first step, the cobalt oxide of the coating layer can reach a highly oxidized 
10 state ¥vhere the cobalt valence exceeds 3.0 and the crystal has many defects. From this, it is surmised that in the sec- 
ond step for immersing the particles subjected to the first step in an aqueous lithium hydroxide solution for a short 
period of time, there is a phenomenon that lithium ions intrude into defected portions inside the crystallite of the cobalt 
oxide constituting the coating layer to form a solid solution or lithium hydroxide perfbmis chemical adsorption on the 
interface of crystallite-crystallite, and as a result, lithium hydroxide or lithium ions are fixed on the coating layer. Although 
IS the details are not known, it is considered that the provision of the second step does not cause a large change in crystal 
structure of the cobalt oxide of the coating layer because there was little difference observed in utilization of the four 
kinds of active materials as described above. 

[0052] In order to understand an electrochemical behavior of tiiese four kinds of active material particles, a porous 
foamed nickel substrate of 1cm x 1cm welded with a lead wire was filled with each active material particles, and then 
20 pressed, tiiereby to produce test electrodes. By using these test electrodes, tiie measurement of cyclic volutammetry 
was conducted under the fbllowing conditions. 

Electrolyte: an aqueous KOH solution having a concentration of 31% by weight 

Counter electrode: hydrogen storage alloy negative electrode having sufficient capacity (activated by repeating 
25 charge/discharge in combination with another positive electrode) 
Reference electrode: Hg/HgO 
Sweep condition: 

to -i-350mV (against counter electrode) on oxidation side 
30 to -250mV (against counter electrode) on reduction side 

300 cycles at a sweep rate of 3mV/sec. 

Ambient temperature: 40 °C 

35 [0053] The results of the cyclic volutammetry of the electrodes which used active material particles A and C are 
shown in FIGS. 3 and 4, respectively. It is considered that a reduction current peak "a" observed around OmV and an 
oxidation current peak "b" observed around 100mV correspond to the reduction and the oxidation of the cobalt oxide 
constituting the coating layer of the active material particles, respectively, judging from their potential regions. Since the 
potential sweep rate of the test is pretty high, it is difficult to make the peaks strictly correspond to the charge/discharge 

40 cycle in an actual k>attery. However, these peak behaviors qualitatively indicate the occurrence of reduction of cobalt 
oxide at the end of discharging and oxkiation of cobalt oxide at ttie beginning of tiie subsequent charging in an actual 
battery. 

[0054] As shown in FIG. 3, no obvious changes in size of the reduction cun^ent peak "a" are observed in the active 
material particles A subjected to the immersing in an aqueous lithium hydroxide solution during the preparation of par- 

45 tides (second step) even after charge/discharge is repeated for 300 cycles. Although the oxidation current peak 13" 
tends to shift to a ratiier base potential direction, the peak intensity (area) hardly changes. TTiis indicates that when a 
charge/discharge cycle is repeated at high temperatures if reduction of the cdbaW oxide constituting the coating layer of 
nickel hydroxide particles proceeds at the end of tiie discharging (this is due to a sufficient increase in electric conduc- 
tivity of tiie cobalt oxide and the valence of the cobalt produced in the first step), the cot>alt oxide is reversibly oxidized 

50 at the beginning of the subsequent charging, nnaintaining a high conductivity performance. The behaviors similar to 
these were ot^served in experiments about active material particles B. 

[0055] As shown in FIG. 4, on the other hand, with regard to tiie active material particles C not subjected to tiie sec- 
ond step, the reduction current peak "a" decreases while shifting to a noble potential direction along witii the procedure 
of the charge/discharge cyde, and the oxidation current peak V also shifts to a noble potential direction. The decrease 
55 in the reduction cun-ent peak "a" corresponds to a decrease in tiie conductivity of the cobalt oxide constituting tiie coat- 
ing layer of the nickel hydroxide particles (a deaease in conductivity makes it impossible to discharge) as tiie 
chargeAdischarge cycle proceeds. 

[0056] The shift of the two peaks to a noble potential direction as the charge/discharge cyde proceeds indicates that 
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the oxidation-reduction potential of the cobalt oxide shifts to a noble direction. Namely, it is considered that the contain- 
ing of alkali cation (K*** in this case) or water molecules in the crystal at the beginning makes the oxidation-reduction 
potential which has been kept at a low level increases along the elimination of alkali cation. In fact, when the active 
material particles after the measurement of cyclic volutammentry of 300 cycles were taken out, washed well with water. 
5 and subjected to the above mentioned ICP emission spectral analysis, a decrease in alkali cation (K'*' in this case) con- 
tained in the active material particles was observed. The same behavior as above was observed in the experiments 
about the active material particles D. The results of the analysis are shown in Table 3. 



Active material 


C 


D 


Content rate of or Na* 


Initial 


22.9 


23.0 


After 300 cycles 


4.6 


3.3 


* These values are obtained when the molar weight of the cobalt of the 
coating layer 100. 



[0057] From the results of these analyses, the following is surmised about the cycle life characteristics at high tern- 
20 peratures. 

[0058] That is. the oobaK oxide constituting the coating layer reaches conditions having excellent corKluctivity and 
high cobalt valence by tiie first step. However, when a battery is discharged at high temperatures, namely 40 *'C until 
the battery voltage reaches around 0.8V, some of the cobalt oxide causes a discharge reaction (reduction) at the end 
of tiie discharging. At this moment, alkali cation (K^ or Na*^) contained in small anrwunt in the cobalt oxide is eliminated. 

25 and at tiie beginning of the subsequent charging, there causes a charging reaction (oxidation) of the cobalt oxide. 
[0059] However, tiie elimination of alkali cation during the discharging or other problems cause changes in oxidation- 
reduction potential, so tiiat the capacity to charge the cobalt oxide becomes slightiy smaller than the discharged capac- 
ity. That is. when charge/discharge is conducted at high temperatures, the cobalt valence of tiie cobalt oxide constitut- 
ing the coating layer slightly decreases. When the charge/discharge cycle is repeated at high temperatures, these 

30 phenomena are accumulated. Then, the cobalt oxide of the coating layer approaches a thermodynamically stable struc- 
ture such as CoO(OH) or C03O4 (botii are oxides witti poor electric conductivity) while decreasing the cobalt valence. 
Consequently, the performance of the conductive network of the positive electrode becomes insufficient. It is consid- 
ered tiiat the capacity of the active material particles C and D is deteriorated along with the procedure of the charge/dis- 
charge cycle at high temperatures because of the above reasons. 

35 [0060] On the other hand, when the immersing in the aqueous litiiium hydroxide solution (second step) is conducted 
after the first step, there is a phenomenon that lithium ions infrude into defected portions inside the crystallite of the 
cobalt oxide constituting the coating layer to form a solid solution or lithium hydroxide performs chemical adsorption on 
the interface of crystallite-crystallite, and as a result, lithium hydroxide or lithium ions are fixed on the coating layer of 
the nickel hydroxide particles. As the results of cyclic vdutammetry experiments indicate, the litiiium hydroxide or tiie 

40 lithium ions thus fixed restricts the elimination of alkali cation (K^ or Na*^) from the cobalt oxide along with tiie 
chargeAdischarge and changes in oxidation-reduction potential. 

[0061] Consequentiy, the charge/discharge reaction of the cobalt oxide becomes reversible and maintains high con- 
ductive performance. For these reasons, the active material particles A and B of the present irrvention are considered 
to have maintained a large capacity aft^ charge/discharge cycle was repeated at high temperatures. 

45 [0062] In the above embodiment, in preparing tiie Co(OH)2'Coated nickel hydroxide particles, the coating layer was 
formed by the liquid phase method, but conditions to form the coating layer are not limited to those described above. 
For example, it is also possible to prepare the active material articles of the present invention by a method of mixing 
nickel hydroxide particles with a cobalt hydroxide powder and coating the surface of the nickel hydroxide particles witii 
cobalt hydroxide utilizing a shear force or an impact force at the time of mechanical mixing (mechanical mixing method). 

50 [0063] In the first step, as a method of oxidizing the Co(OH)2-coated nickel hydroxide particles immersed with an 
aqueous alkali solution, the particles were charged in a drier equipped with microwave heating means arxl completely 
dried while supplying oxygen; however, this is not the only method to be used. 

[0064] In the second step, the concentration of the aqueous lithium hydroxide solution was 1 .0 molTkg, but the same 
effects can be obtained as long as the concentration is 0.5moiykg or more. The temperature of the aqueous lithium 
55 hydroxide solution was 80 **C. but the same effects can be obtained when the tenperature is in a range of 60 to 95 "C. 
The time of immersing in the aqueous lithium hydroxide solution was 30 minutes, the time is not restricted to tiiis con- 
dition. 

[0065] As described above, tiie present invention makes it possible to provide an alkaline storage battery that main- 
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tains excellent characteristics of the cobalt oxide constituting a coating layer and that causes little capacity reduction 
even when the charge/discharge cyde is repeated at high temperatures. 

Claims 

5 

1. A positive electrode material for alkaline storage laatteries. conrprising nickel hydroxide particles and layers of a 
cobalt oxide coating surfaces of said nickel hydroxide partldes, wherein said cobalt oxide contains potassium ions 
or sodium ions in the crystal and a cobalt valence of said cobalt oxide is higher than 3.0, and wherein said cobalt 
oxide fixes lithium hydroxide or lithium ions. 

10 

2. The positive electrode material for alkaline storage batteries in accordance with claim 1 . wherein said cobalt oxkle 
fixes said lithium hydroxide or said lithium ions by chemical adsorption. 

3. The positive electrode material for alkaline storage batteries in accordance with claim 1 . wherein said lithium ions 
75 are fixed to said cobalt oxkie by being incorporated therein to form a solid solution. 

4. The positive electrode material for alkaline storage batteries in accordance with claim 1 , wherein an atomic ration 
of lithium of said lithium hydroxide or lithium ions to cobalt is from 0.10 to 0.50. 

20 5. The positive electrode material for alkaline storage batteries in accordance with daim 1 , wherein an atomic ratio of 
said potassium icons or sodium ions to cobalt is from 0.20 to 0.33. 

6. The positive electrode material for alkaline storage batteries in accordance with claim 1 , wherein said nickel hydrox- 
kie particles have an average partide diameter of 5 to 20 ^m, and most surface of said nickel hydroxide parttoles 

2S is coated with said coating layer. 

7. A method of produdng a positive electrode material for alkaline storage batteries, comprising: 

a first step of heating nickel hydroxide particles having a coating layer of cobalt hydroxide in the presence of an 
30 aqueous solution of either potassium hydroxide or sodium hydroxide whose concentration is larger than 40% 

by weight, thereby to convert the cobalt hydroxide into y-cot^alt oocyhydroxide through air oxidation, and 

a second step of immersing the particles in an ^ueous lithium hydroxide solution. 

35 8. The method of producing a positive electrode material for alkaline storage batteries in accordance with claim 7, 
wherein a concentration of said aqueous lithium hydroxide solution is more than 0.5 mol/kg. 

9. The method of produdng a positive electrode material for alkaline storage t)atteries in accordance with claim 7, 
wherein a temperature of sakH aqueous lithium hydroxkle solution is from 60 to 95 **C. 

40 

10. A method of produdng a positive electrode material for alkaline storage batteries, comprising: 

a first step of heating nfokel hydroxide partldes having a coating layer of cobalt hydroxKle in the presence of an 
aqueous solution of either potassium hydroxide or sodium hydroxkJe whose concentration is larger than 40% 
45 by weight, thereby to convert the cobalt hydroxide into a cobalt oxkle having a cobalt valence of larger than 3.0 

through air oxidation, and 

a second step of immersing the particles in an aqueous lithium hydroxide solution. 

50 11. The method of producing a positive eledrode material for alkaline storage batteries in accordance with daim 10. 
wherein the concentration of sakj aqueous lithium hydroxMe solution is 0.5 moAfkg or more. 

12. The method of producing a positive eledrode material for alkaline storage batteries in accordance with daim 10, 
wherein the temperature of saki aqueous lithium hydroxide solution is from 60 to 95 <>C. 

55 
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FIG. 1 




Discharge capacity 
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FIG, 2 




Cycles 
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FIG. 3 
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FIG. 4 
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